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AUTOMATED CELLULAR TELEPHONE CLOCK SETTING 



FIELD OF THE INVENTION 
10 The present invention generally relates to setting a clock in a 

cellular telephone. More particularly, the present invention relates to 

automatically setting a cellular telephone clock to a correct time and date. 

BACKGROUND OF THE INVENTION 
15 Cellular telephones (cell phones) typically have a built-in clock. 

A cell phone clock can be a hardware component or a software component. 

Typically, the cell phone clock maintains the current time as the "device 

time." One of the primary functions of a cell phone clock is to provide the 

current time to a cell phone user. As cell phones have become more 

20 sophisticated and more versatile, cell phone users have come to rely on their 

cell phones to provide an array of functions, such as access to email, short 

text message transmission, and Internet browsing. Similarly, users have 

become accustomed to relying on their cell phones for access to the correct 




time. Unfortunately, a cell phone's clock can provide the incorrect time for 
various reasons. 

When a cell phone is first used, the clock is not usually 
correctly set and the user must normally correctly set the clock at least one 
5 time. However, like the users of the ubiquitously flashing VCR clock, many 
cell phone users do not make the effort to correctly set a cell phone clock. A 
cell phone clock also can provide the incorrect time when the cell phone's 
battery is allowed to completely discharge or when the battery is 
disconnected from the cell phone, thereby permitting the clock to lose the 
10 ability to store a correct time. Yet another way that a cell phone clock can 
provide the incorrect time is when a user simply sets the clock with the 
wrong time. 

Regardless of the method by which the clock becomes 
incorrectly set, a cell phone user will typically desire that the clock is 

15 correctly set, so that the user can rely on the cell phone clock for the correct 
time. One approach to setting a cell phone clock is to send a time set 
command as a portion of a control message transmitted from a cellular base 
station to a cell phone. Some cellular telephone networks have a network 
feature that transmits a current time to cellular telephones on the network. 

20 However, there are many cellular networks that do not provide a specific 
signal, control message, and/or mechanism for providing a time-set function 
(e.g., GSM networks and TDMA networks). In such networks, there is a 
need for an automated feature for providing the current time to a cellular 
telephone. Therefore, there is a need in the art to enable a cell phone clock 
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to be set automatically, without relying on a specialized command message 
from the cellular telephone system. 

SUMMARY OF THE INVENTION 
5 The present invention meets the above-described needs by 

automatically setting a cell phone device time to match a timestamp 

contained in a Short Messaging Service (SMS) status report. Accordingly, a 

cell phone's clock can be properly set any time the cell phone receives an 

SMS status report. 

10 SMS messages are short electronic messages that can be 

transmitted from and to cell phones that operate on a Global System for 
Mobile Communications (GSM) cellular network. The SMS system allows 
short text/data messages to be sent and received by cell phones or other 
cellular devices on the GSM network. A sub-network of Short Messaging 

15 Service. Centers (SMSCs) functions within the GSM network and provides 
this service by receiving and routing SMS messages. 

In addition to permitting users to send an SMS message to a 
particular recipient's cell phone, the SMS architecture enables the sender to 
request a status report message to be returned. A status report contains 

20 information from the SMSC about the status of the short message, for 
example, whether or not the message was successfully delivered. In 
addition, the status report contains a time stamp provided by the SMSC, 
indicating the time at which the status report was generated by the SMSC. 
The time provided by the SMSC is referred to as the world time, because it 

25 indicates a global network time maintained by the SMSCs operating on the 




GSM network. By setting the cell phone device time to the world time, the 
clock on the cell phone is automatically set, without requiring any action by 
the user and without requiring a special time set control message. 

When the cell phone transmits the initial SMS message, the cell 
phone stores the device time corresponding to the time that the message was 
sent (DTS). When a status report is received, the cell phone stores the 
device time corresponding to the time that the status report was received 
(DTR). Additionally, the cell phone stores the world time that is stamped 
onto the status report by the SMSC that handled the message (WT). 

By subtracting the message sent time from the status report 
received time, the cell phone can determine how long it took, after the short 
message was transmitted, for the status report to arrive. This difference 
represents the maximum error in the final device time (DTE) computed from 
this method. By subtracting the message-received time from the world time, 
the cell phone can determine an approximate difference between the cell 
phone's device time (its clock) and the v^orld time. By adding this 
difference to the current device time (DTC), the DTC can be set to closely 
approximate the WT. 

In one aspect of the invention, a method is provided for setting 
a correct time. A status report is received and a world time is determined 
from the status report. A current device time is set in accordance with the 
world time. 

In another aspect of the invention, a clock for a cellular device 
is provided. The clock has a current device time for maintaining a current 
time for the cellular device and a device time difference for maintaining a 



time difference between the current time and a world time. The clock also 
has a corrected device time for maintaining the sum of the device time 
difference and the current device time. The current device time is set equal 
to the corrected device time, in response to the receipt of the world time; and 
the world time is received in a status report received by the cellular device. 

In yet another aspect of the invention, a cellular telephone is 
provided. The cellular telephone has a clock operative to provide a 
displayed time and a radio architecture component operative to receive a 
status report. The displayed time is set, in response to a receipt of the status 
report. 

The various aspects of the present invention may be more 
clearly understood and appreciated from a review of the following detailed 
description of the disclosed embodiments and by reference to the drawings 
and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram illustrating an exemplary operating 

environment for implementation of the present invention. 

Figure 2 is a block diagram illustrating some of the primary 
components of an exemplary short message and an exemplary status report. 

Figure 3 is a block diagram illustrating some of the primary 
components of a cellular telephone that is an exemplary embodiment of the 
present invention. 



Figure 4 is a flow chart depicting an exemplary method for 
including a status report request in an SMS message to automatically 
determine a correct time. 

Figure 5 is a flow chart depicting an exemplary method for 
automatically determining and storing a correct time, based on a received 
status report. 
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An exemplary embodiment of the present invention 
jl 10 automatically sets a cell phone device time to correlate to a timestamp 

■ B 

i contained in a Short Messaging Service (SMS) status report. Accordingly, 

r an exemplary cell phone clock can be properly set any time the cell phone 

receives a status report. By setting the cell phone device time to correlate to 
the world time, the exemplary cell phone clock can be automatically set, 
15 without requiring any action by the user and without requiring a special time 
set control message. 

When an exemplary cell phone transmits an SMS message, the 
cell phone stores the device time corresponding to the time that the message 
was sent (DTS). When a status report is received, the exemplary cell phone 
20 stores the device time corresponding to the time that the status report was 
received (DTR). Additionally, the cell phone stores the world time that is 
included in the status report by the SMSC that handled the message (WT). 

By subtracting the DTS from the DTR, the cell phone can 
determine how long it took, after the short message was transmitted, for the 
25 status report to arrive. This difference is the device time error (DTE). By 



subtracting the DTR from the WT, the cell phone can determine an 
approximate difference between the cell phone's device time (and clock) and 
the world time. By adding this difference to the current device time (DTC), 
the DTC can be set to closely approximate the WT. The maximum error by 
5 which the DTC can be incorrect (with respect to the WT) is the DTE. 

An Exemplary Operating Environment 
O Figure 1 depicts an exemplary Global System for Mobile 

JS3- 

^ communications (GSM) Cellular Network. GSM Cellular Networks are 

;.n 10 well known networks that provide communication between cellular 

=3 telephones and other devices (collectively, cellular devices). A well-known 

is feature of the GSM Cellular Network is the short messaging service (SMS). 

Q 

fU The SMS permits the transmission of short text and/or data messages 

m between cellular telephones and other devices on the GSM network. In 

P 

I,!- 15 addition to permitting users to send short messages, the SMS architecture 
also permits a cellular device to request a status report message (SRM). 

Figure 1 depicts an exemplary GSM 100 that includes at least one 
short messaging service center (SMSC) 102, 104. Among other things, the 
SMSCs 102, 104 can receive and process SMS messages. For example, cell 

20 phone A 110 may transmit an SMS message with a status report request 
attached 112 to the SMSC 102. The SMSC 102 can determine the cellular 
device to which the SMS message is addressed and can process the message 
and transmit the message to the appropriate device (e.g., cell phone B). In 
the example of Figure 1, the SMSC 102 transmits the SMS message 116 to 

25 cell phone B 108. When cell phone B 108 receives the SMS message 116, 




cell phone B can transmit an acknowledgement 118 to the SMSC 102. The 
acknowledgement 118 may be generated when cell phone B 108 receives the 
SMS message 116, when the user of cell phone B opens and/or reads the 
SMS message 116, or any other predefined event. 
5 Once the SMSC 102 receives the acknowledgement 118, the SMSC 

processes the acknowledgement and transmits a status report with a time 
stamp 114 to cell phone A 110. Notably, the SMSC will send a status report 
to cell phone A 110 even if the SMS message 116 never reaches cell phone 
B 108. Thus, an exemplary embodiment of the present invention does not 

10 rely on the successful delivery of the SMS message 116. The status report 
114 notifies the user of cell phone A 110 that the user of cell phone B 108 
has received and acknowledged the receipt of the SMS message that was 
sent by the user of cell phone A. Before sending the statusreport 114 to cell 
phone A 110, the SMSC 102 time stamps the status report with a current 

15 world time (WT). The WT represents a universal time maintained by the 
GSM cellular network. Each SMSC 102, 104 in the GSM 100 has access to 
the same world time. The time stamp may also include an indication of the 
time zone in which the SMSC 102, and/or cell phone A 110 reside. 
Alternatively, the time stamp may contain only a universal world time that 

20 may be used by cell phone A 110 to calculate a local time, based on a pre- 
stored time zone identification. 

Figure 2 is a block diagram illustrating some of the primary 
components of an exemplary short message 200 and some of the primary 
components of an exemplary status report 202. The short message 200 

25 includes an SMS message portion 204 that contains the text and/or data 



transmitted by a cellular device. As described in connection with Figure 1, a 
status report request 206 can be included in the short message 200. The 
presence of a status report request 206 indicates to the SMSC 102 that the 
cellular device sending the short message 200 requests an acknowledgement 
5 that the short message has been received and/or accessed by the intended 
recipient cellular device. 

The status report 202 can include a status report data portion 208 and 
a time stamp 210. The status report data 208 can include information 
pertaining to the acknowledgement sent by the recipient cellular device. 

a 

II 10 Such information may include the time and date on which the recipient 
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n cellular device received the SMS message and whether the recipient cellular 

r device user read the short message. The time stamp 210 may include the 

ass; 

: y world time maintained by the GSM and each SMSC within the GSM. The 

i n time stamp also may include an indication of the time zone in which the 

! 'i 15 SMSC and/or the sending cellular device reside. 

An Exemplary Cellular Telephone 

Figure 3 is a block diagram illustrating some of the primary 
components of a cellular telephone 300 that is an exemplary embodiment of 

20 the present invention. The cellular telephone 300 communicates with an 
SMSC 301 via a data communication channel 316. The cellular telephone 
accesses the data communication channel 316 via a cellular telephone 
antenna 318. The cellular telephone 300 of an exemplary embodiment of the 
present invention can use a conventional radio architecture component302 

25 to communicate with the SMSC 301 and all other elements of the GSM 



cellular network (e.g., other cellular devices). The radio architecture 302 
may, for example, conform to the requirements of GSM specifications. 
GSM specification 07.05 describes the interface between a cellular radio and 
the terminal equipment for short messaging. In addition, the SMS 
messages and status reports transmitted and received by an exemplary 
embodiment of the present invention can conform to GSM specification 
03.40. The contents of the entire body of GSM specifications are hereby 
incorporated by reference, specifically including GSM specification 03.40 
and 07.05. 

In an exemplary embodiment of the present invention, the cellular 
telephone 300 includes a component known as the SMS router layer 304. 
The SMS router layer provides application programming interfaces (APIs) 
that provide an interface between applications that send, receive, and process 
SMS messages and the radio architecture component 302. Accordingly, 
applications can be independently written and implemented in the cellular 
telephone 300 without modification to the radio architecture layer302. By 
conforming to the protocol of the SMS router layer, SMS messaging 
applications can take advantage of the functionality of the radio architecture 
layer 302. 

The cellular telephone 300 may also include a clock 308. The clock 
308 may be physical component of the cellular telephone. However, the 
clock may also be an application that is executed by the cellular telephone in 
conjunction with the SMS router layer, as described above. The clock may 
include or have access to registers that contain a current time 310, a 
corrected time 312, and a displayed time 320. The displayed time 320 may 



be used to maintain the time, as it will be displayed to the cellular telephone 
user. The current time 310 may be used to maintain a record of the current 
time as set by a user or by other means. The current time 310 may be 
distinguishable from the displayed time 320 in that the current time may be 
stored in a format that is not comprehensible by a user, whereas the 
displayed time may render the current time in a readable format (e.g., 
HH:MM:SS). The corrected time 312 may be used to temporarily store a 
time value to correct the current time 310. A more detailed discussion of an 
exemplary interaction between the corrected time 312 and the current time 
310 is described in connection with Figure 5. 

The SMSC 301 can include a world time register314. The world time 
register 314 can be used to maintain a world time that is in turn, maintained 
by the GSM cellular network. The world time can be transmitted to the 
cellular telephone 300 via the data communication channel 316. As 
described above in connection with Figure 1, the world time could be 
transmitted as part of a time stamp included in a status report. Those skilled 
in the art will appreciate that the world time could be transmitted over the 
data communication channel 316 using any means that conform to the 
appropriate protocol and/or data communications specification. The world 
time register 314 may maintain the world time in a generic time format, such 
as Greenwich Mean Time (or Coordinated Universal Time), or in a specific 
time format, such as Pacific Standard Time. Alternatively, the world time 
register 314 may maintain the world time in a generic format and include a 
time zone indicator that would allow the calculation of the time in a 




particular time zone by adding or subtracting a pre-stored time zone 
difference from the world time. 

An Exemplary Method for Automatically Requesting a Status Report 
5 Figure 4 is a flow chart depicting a method for including a status 

report request in an SMS message to automatically determine a correct time. 
The method starts at step 400 and proceeds to step 402. At step 402, an 
SMS message transmission request is received. The short message 
transmission request may be generated by a cellular telephone user 

10 attempting to send an SMS message or may be generated by some 
automated means for sending an SMS message. The method proceeds from 
step 402 to decision block 404. 

At decision block 404, a determination is made as to whether the 
cellular device's clock is set. If the clock is not set, the method branches to 

15 decision block 406. At decision block 406, a determination is made as to 
whether a status report request has been attached to the short message. If a 
status report has already been attached to the short message, then thereis no 
need to attach an additional status report request to the short message. 
Accordingly, if a status report request has been attached to the short 

20 message, the method branches to step 408 and the short message is sent with 
the status report request attached. 

Returning now to decision block 404, if a determination is made that 
the clock has already been set, then the method branches to step408 and the 
short message is sent. Because the clock has been set, there is no need to 




determine whether a status report request is attached. Likewise, there is no 
need to generate and include a status report request in the short message. 

Returning now to decision block406, if a determination is made that a 
status report request has not been attached, the methodbranches to step 410. 
Because the clock has not been set and no status report request is attached to 
the short message, a status report request should be attached to trigger the 
transmission of the world time to the cellular telephone. At step 410, a 
status report request is included in the short message. The method then 
proceeds to step 408 and the short message is transmitted with the included 
status report request. 

The method then proceeds to step 412 and the device time (or current 
time) is stored. The device time is stored to maintain time records in 
connection with the short message sent and with the status report sent. The 
device time can be stored in an SMS message log and can be stored in 
association with the transmitted short message and/or the status report 
request. The method then proceeds from step 412 to step 414 and ends. 

An Exemplary Method for Automatically Determining a Correct Time 

Figure 5 is a flow chart that depicts an exemplary method for 
20 automatically determining and storing a correct time, based on a received 
status report. The method starts at step 500 and proceeds to step 502. At 
step 502, a status report is received. The method then proceeds to step504 
and the device time is stored. The device time can be stored in association 
with the received status report to provide evidence as to when a particular 
25 status report was received. 
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The method proceeds from step 504 to decision block 506. At 
decision block 506, a determination is made as to whether the cellular 
device's clock is set. If the clock is set, the method branches to step524. At 
step 524 the status report is processed in the conventional manner and the 
5 method proceeds to step 526 and ends. 

In an alternative embodiment, the cellular device's clock could be set 
at predetermined intervals. In this alternative embodiment, the passing of a 
predetermined time may be the trigger to reset the clock, instead of a 
determination that the clock has been previously set. Those skilled in the art 

10 will appreciate that various triggers could be used to implement various 
embodiments of the present invention. 

Returning now to decision block 506, if a determination is made that 
the clock is not set, then the method branches to step 508. At step 508, the 
world time is determined from the status report. As described above in 

15 connection with Figs. 2 and 3, the world time is placed within a time stamp 
that is included in a status report. 

The method proceeds from step 508 to 510. At step 510, the world 
time is stored. The method then proceeds to step512 and a device time error 
is calculated. The device time error (DTE) represents the difference 

20 between the device time when the status report was received and the device 
time when the original message requesting this status report was sent. As 
discussed in connection with Fig. 4, the device time can be stored when the 
cellular device transmits a status report request. Thus, the time between the 
transmission of the status report request and the receipt of the status report 

25 can be determined. This difference is referred to as the device time error 




(DTE). The DTE represents the upper bound for the error that could affect 
the accuracy of the cell phone clock. It cannot be determined with complete 
accuracy when, during that time, the status report was generated by an 
SMSC. 

5 The method proceeds from step 512 to 514. At step 514, the device 

time difference (DTD) is determined. The DTD represents the difference 
between the world time that is determined from the status report and the 
□ device time when the status report was received. If, for example, the DTD is 

'si 5 hours, then it can be determined that the device time is incorrect and 

Co 

i,n 10 should be advanced about 5 hours. As discussed above in connection with 

ij Figure 3, the world time that is determined from the status report may 

SL2. 

.j include an indicator of the time in a specific time zone. Accordingly, 

\n\ another step (not shown) may be added in an alternative embodiment of the 

!^ present invention to adjust the DTD to accommodate a specific time zone, 

y 15 This adjustment could be made by, for example, adding a pre-stored time 
zone difference to the received world time. Thus, the time displayed by the 
cell phone clock will be the time in the time zone in which the cell phone 
(and presumably the user) resides. 

The method proceeds from step 514 to step 516. At step 516, the 
20 current device time is determined. As described above in connection with 
Figure 3, the current device time can be maintained in a register associated 
with a clock. Determining the current device time may simply involve 
accessing the current time register. 

The method proceeds from step 516 to step 518. As step 518, the 
25 DTD is added to the current device time and the resulting time is stored as 




the corrected device time. Those skilled in the art will appreciate that 
adding the DTD to the current device time may actually move the device 
time back in time, in the case where the uncorrected device time is ahead of 
the world time. The method then proceeds to step 520 and the clock is set 
5 with the corrected device time. This can be done by setting the current time 
and/or display time equal to the corrected device time. The method then 
proceeds to step 521 and the status report is processed in the conventional 
manner. The method then proceeds to step 522 and ends. 

Although the exemplary embodiment described initiates an automated 

10 clock setting by first determining whether the clock has been set, it will be 
appreciated by those skilled in the art that various triggers could be used to 
initiate the automated clock setting procedure. For example, a user could 
affirmatively initiate the procedure or the procedure could be automatically 
initiated on a regular interval to maintain an accurate clock setting. 

15 It will also be appreciated by those skilled in the art that the 

automated clock setting performed by the various embodiments of the 
present invention is not limited to the arena of the cellular device. Indeed, 
virtually any signal processing unit that maintains a time and/or date value 
could be initially set or kept accurate by use of the present invention. 

20 Although the present invention has been described in connection with 

various exemplary embodiments, those of ordinary skill in the art will 
understand that many modifications can be made thereto within the scope of 
the claims that follow. For example, although the embodiments of the 
present invention have been described in the context of a GSM cellular 

25 telephone network, those skilled in the art will appreciate that the invention 
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may be implemented within the context of various cellular networks. 
Accordingly, it is not intended that the scope of the invention in any way be 
limited by the above description, but instead be determined entirely by 
reference to the claims that follow. 



